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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: The aim of this study was to evaluate the pulpedentin
response after pulp chamber perforation by ultrasonic and high-speed air-driven devices.
Materials and methods: Eighteen upper incisors from nine dogs were used in this study. We pre-
pared Class V cavity (3  5 mm) at the labial side after anesthesia. The pulp was then exposed/
perforated by either an ultrasonic or high-speed air-driven device.Weevaluated the hemorrhage
condition by stopping the bleeding with varying numbers of sponge pellets. Three observation
time points were set: immediate, 1 week (1-wk), and 2 weeks (2-wk). Then, we evaluated the
pulpedentin response using scanning electronic microscopy (SEM) and histological examination.
Results: The bleeding level caused by an ultrasonic device presented as either no bleeding or
mild bleeding, and a high-speed air-driven bur caused worse bleeding conditions. The ultrasonic
group showed better response in the immediate pulpal response. In 1 week, both methods pre-
sented no pulp necrosis, and those treated using the ultrasonic device presented with a regular
odontoblastic layer under SEM observations. In the 2-wk group, bothmethods showed no pulp ne-
crosis, whereas the high-speed device showed partial necrosis. SEM showed pulp tissue with
lacerated wounds in those who had the high-speed device treatment.of Dentistry, National Taiwan University Hospital, Number 1, Chang Te Street, Taipei 10016, Taiwan,
m.tw (Y.-C. Chiang).
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360 M.-S. Lee et alConclusion: We conclude that the ultrasonic device causes less damage to the dental pulp tissue
in comparisonwith the high-speed air-driven bur. Moreover, we expect that the ultrasonic device
can be applied to vital pulp therapydsuch as direct pulp capping, pulptotomy, or pulpecto-
myddue to its safe approach.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
The development of ultrasonic devices in the field of
dentistry has spanned over half a century, starting in the
1950s.1e3 Numerous medical applications were proposed
such as tooth preparation, maxillofacial surgery, peri-
odontal therapy, and endodontic microsurgery.4e6 The ad-
vantages of ultrasonic devices include minimal invasiveness
(compared to rotary ones) and avoidance of soft tissue
damage in specific frequency.7e9
Any operation performed in deep caries usually runs the
risk of accidentally causing damage to pulp tissue during
removal of the infected tooth structure. Thus, in order to
preserve pulp vitality, one needs to avoid excessive pulpal
damage during tooth cavity preparation. The strategies to
attain this goal include indirect/direct pulp capping and
shallow pulpotomy, especially in the case of young per-
manent tooth treatment. We usually perform the proce-
dure with a hand instrument (e.g., spoon excavator) or a
rotary instrument to remove infected pulp tissue; however,
excessive or unexpected tissue removal would be unfavor-
able to the preservation of pulp vitality.10
Ultrasonic devices may offer an alternative approach to
remove deep caries and infectious pulp tissue with less
damage.11 Previous studies have indicated that low-speed
rotary devices easily caused laceration or rotation dam-
age in the pulp tissue.12,13 Moreover, the high-speed air-
driven device with a diamond round bur is recommended
for removing pulp tissue with less damage compared to low-
speed driven devices.14 However, very few studies have
supported this recommendation. Some studies focused on
the evaluation of ultrasonic devices in cavity preparation
individually15e17 or the comparison of rotary instruments
with hand instruments.18e20
Therefore, the aim of this study was to evaluate the
pulpedentin response after pulp chamber perforation by
ultrasonic and high-speed air-driven devices.Materials and methods
In this study, 12- to 15-month-old mongrel dogs weighing
10e12 kg were used. The use of dogs for this experiment
conformed to the guidelines of the Committee on Animal
Care and Use of Laboratory Animals at National Taiwan
University. The experiment was performed on 18 incisors
from nine dogs. The procedures were performed under
general anesthesia, using intramuscular injections of
tiletamineezolazepam (Telazol; ARobins, Richmond, VA,
USA) (dosage: 30 mg/kg). Local anesthesia with 3.6 mL 2%
lidocaine and 1:80,000 epinephrine was given. The oralcavity was disinfected with 2% chlorhexidine digluconate,
and the teeth and surrounding gingiva were also dis-
infected with 75% alcohol cotton pellets after rubber dam
isolation.
Before exposing the pulp tissue, Class V cavities
(3  5 mm) were prepared on the labial surfaces of the
upper incisors with a No. A2 diamond round bur air-driven
by a high-speed device with a copious water spray. Then, a
perforation of the pulp chamber was made using either an
ultrasonic device (ARTeotomy OP-1; Bonart Co., Ltd.) with
an ultrasonic diamond-coated round tip (ETBD, Satelec,
Merignac, France) or a high-speed air turbine device with a
diamond No. A2 round bur.
After chamber perforation, the cavity was irrigated with
10 mL normal saline. The bleeding condition was controlled
with standard sponge pellets (Pele Tim; VOCO, Cuxhaven,
Germany). The pellets weres placed into the cavity without
pressure and infiltrated with blood. The pellet was changed
after it was totally soaked with blood, and the number of
pellets used until bleeding stopped in each tooth was
recorded.
The level of bleeding condition of each prepared tooth
in all groups was recorded according to the following
criteria: (I) no bleedingdchamber perforation without
bleeding; (II) slight bleedingdbleeding stopped after
sponge pellet application, and the number of pellets infil-
trated by blood was no more than 1; (III) moderate blee-
dingdbleeding stopped after sponge pellet application,
and the number of pellets infiltrated by blood was between
1 and 2; (IV) severe bleedingdbleeding stopped after
sponge pellet application, and the number of pellets infil-
trated by blood was more than 2.
After bleeding had stopped, Ca(OH)2 paste as pulp capping
material was applied, and glass ionomer cement as coronal
restoration material (GC Fuji IITM) was used. We evaluated
the histological changes at three time points: immediate, 1
week (1-wk), and 2 weeks (2-wk). Pulpedentinal microstruc-
tures were examined under scanning electronic microscope
(SEM) observation.
After each observation period, the teeth were extracted
and fixed in 4% paraformaldehyde. Specimens were dehy-
drated using a critical point dryer (Emitech K850, Emitech
Ltd.) after serial dehydration and then gold coated by
sputter coater (Q150R S, Quorum tech). The samples for
histological evaluation were decalcified in Plank Rychlo
solution for 10 days. The decalcified specimens were
embedded in paraffin and then sectioned. The sections
were stained with hematoxylin and eosin. All specimens
were examined under a light microscope, and we evaluated
the histological influence using criteria from previous
studies.10,20
Ultrasonic effects on pulp-dentin reactions 361We evaluated the pulpedentin reactions including the
cavity surface appearance, the ontoblast response, the
dislodgments of dentine chips into pulp, and the hemor-
rhage in pulp tissue. The cavity surface appearance was
evaluated and classified on the basis of the following
criteria: (I) smoothdthe pulpal surface after chamber
perforation is smooth or slightly uneven; pulp tissue at the
surface may show rounded nuclei and minor reticulation;
(II) moderately smoothdthe surface presents small pro-
jections; pulp tissue next to the wound may be dense or
may exhibit definite reticulation; (III) roughdthe surface
shows a large projection of incompletely separated soft
tissue. The odontoblast response was evaluated and clas-
sified using the following criteria. (I) Slight reac-
tiondodontoblasts close to the wound may be absent; the
adjacent odontoblast layers show minor reduction or
vacuolization; pulp tissue may be separated from pre-
dentine. (II) Moderate reactionddefinite reduction or
vacuolization of the odontoblast layers at some distance to
the wound; predentine and odontoblast area close to the
wound may show increased staining. (III) Severe reac-
tiondheavy vacuolization of the odontoblast layer at some
distance from the perforation. The dislodgments of dentine
chips into the pulp was evaluated, and classified as none or
presented dentine chips displaces into the pulp. In addi-
tion, the hemorrhage in pulp tissue was evaluated and
classified using the following criteria. (I) No or slight hem-
orrhagedno erythrocytes or a few erythrocytes are seen in
pulp tissue; focal infiltrations of erythrocytes may be seen
in the deeper layers of the pulp. (II) Moderate hemor-
rhageddense infiltration of erythrocytes in pulp tissue; foci
of erythrocytes may be seen in coronal pulp tissue deep to
the surface. (III) Severe hemorrhageddense and extensive
infiltration of erythrocytes in coronal pulp tissue.Figure 1 Histological examination for (A) the ultrasonic subgrou
damage, no obvious erythrocytes aggregation, and without dentin
subgroup presents a cavity with tissue totally removed in the imm
of inflammatory cells and rearrangement of odontoblast layer in t
hemorrhage and tissue laceration in the 1-wk group; (E) the ultras
toblastic layer without pulp necrosis in the 2-wk group; and (F) the
odontoblastic layer and reveals partial necrosis of the pulp statusThe pulpal responses including the pulp status, the pres-
ence and extent of inflammation, the presence and regularity
of the odontoblastic layer, and the presence of calcifications
in the pulp in the 1-wk group and the 2-wk group were also
recorded. The status of pulp was evaluated and classified as
total, partial, or no necrosis. The presence and extent of
inflammation was evaluated and classified using the following
criteria: (I) severedpresents an inflammation that influence
almost all pulp tissue; (II) moderatedthe inflammation is
localized coronal third; (III) nonedpresents no inflammation
or the inflammation is only under the wound. Moreover, the
presence and regularity of the odontoblastic layer and the
presence of calcifications in the pulp were evaluated and
classified as none or presented.Results
The bleeding levels of teeth in the ultrasonic subgroups
were between none and mild bleeding. By contrast, teeth
in the high-speed subgroups presented varying bleeding
levels including none, mild, moderate, and severe
bleeding.
Histological examination showed that the showed that
ultrasonic subgroups (immediate reaction of pulp exposure)
appeared a “smooth” wound surface, mild reaction of pulp-
dentin complex, and the alignment of the odontoblast was
in order. No dentine chips displacement was found, and
hemorrhage level in pulp tissue was mild to moderate
(Fig. 1A). By contrast, the high-speed subgroups presented
a “moderately smooth” wound surface appearance, re-
action of pulp under dentinal tubule level of severe re-
action, dentine chips displacement, and hemorrhage in
pulp tissue level of moderate hemorrhage. Some samplesp shows a wound with slight laceration, mild odontoblast cell
e chip impaction in the immediate group; (B) the high-speed
ediate group; (C) the ultrasonic subgroup presents a decrease
he 1-wk group; (D) the high-speed subgroup presents a pulpal
onic subgroup shows the presence and regularity of the odon-
high-speed subgroup shows the presence and regularity of the
in the 2-wk group.
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totally removed (Fig. 1B).
In the 1-wk and 2-wk groups, the pulpal response of both
devices showed a moderate presence and extent of
inflammation as well as the presence of calcifications in the
pulp. In the 1-wk group, both devices presented no necrosis
of pulp, but the ultrasonic device presented a more regular
odontoblastic layer (Fig. 1C) compared to that in the high-
speed air-driven device group (Fig. 1D). In the 2-wk group,
both devices showed the presence and regularity of the
odontoblastic layer, and the ultrasonic device showed no
pulp necrosis (Fig. 1E), whereas the high-speed air-driven
group revealed partial necrosis of the pulp (Fig. 1F).
SEM investigation showed pulp tissue with lacerated
wound in the perforated cavity in the high-speed subgroup
(Fig. 2A and B). In comparison with the tissue laceration in
the high-speed subgroup, the ultrasonic subgroup showed a
smooth pulp tissue without any obvious trauma inside the
perforated cavity (Fig. 2C and D).Discussion
Various in vivo models such as dogs, monkeys, or even
humans have been used in previous studies.7,20 After due
consideration of the convenience factor and several legal
issues, we chose dogs to set up our model. The upper in-
cisors were chosen in this study because they presented
better accessibility and appropriate tooth sizes. In addi-
tion, we used Ca(OH)2 as the pulp capping material after
evaluating various factors such as the setting time, the
cavity depth, and the convenience of the operation.Figure 2 Scanning electron microscope shows (A, B) pulp tissue w
subgroup and (C, D) smooth pulp tissue without obvious trauma inAfter the pulp chamber is perforated by accident, the
bleeding condition is one the indicators of the severity of
the damage. Quantitative evaluation of a bleeding condi-
tion is a difficult task. Previous studies presented different
ways of evaluating a bleeding condition including calcu-
lating the time used to stop the bleeding by normal saline
irrigation,12 radial dye targeting method,21 and micro-
sphere method.22 After considering the safety of the ani-
mals and convenience issues, we decided to use standard
sponge pellets to evaluate the bleeding condition. The
bleeding levels of teeth in the ultrasonic subgroups were
between none and mild bleeding and were better than
those in groups where the high-speed device was used,
which induced none, mild, moderate, and severe bleeding.
Depending on the bleeding condition, use of ultrasonic
devices could decrease the damage from chamber perfo-
ration. This result might be attributable to the improve-
ment in terms of control because of the better vision
offered by ultrasonic devices.
In the histological investigation under optical micro-
scope in the immediate groups, the ultrasonic device
showed a wound with a slight laceration, mild odontoblast
cell damage, no obvious erythrocytes aggregation, and no
dentine chip impaction (Fig. 1A). By contrast, the high-
speed subgroup presented a rougher surface with
damaged odontoblast and dentine chip impaction. Ac-
cording to a previous study,10 the result of immediate
pulpal responses of high-speed devices were worse than
those in ultrasonic devices, and some samples of high-speed
devices even presented a cavity with tissue totally removed
(Fig. 1B). This finding was in accordance with our SEM
observation, which found obvious pulp tissue lacerations inith lacerated wound in the perforated cavity in the high-speed
side the perforated cavity in the ultrasonic subgroup.
Ultrasonic effects on pulp-dentin reactions 363the high-speed subgroups in comparison with a smooth
surface in the ultrasonic subgroups. This might indicate
that the high-speed device would cause more damage to
the pulp compared with the ultrasonic device.
In the 1-wk group, histological observations revealed
more pulpal hemorrhage and more tissue lacerations in the
high-speed subgroup (Fig. 1D), and degeneration of the
pulp tissue was noted in the high-speed subgroup in the 2-
wk group (Fig. 1F). These results indicated worse responses
after chamber perforation with a high-speed device in 1-wk
and 2-wk groups.
According to the results in our study, the ultrasonic de-
vice showed equal or better pulp responses on bleeding
condition, histological evaluation, and SEM examination in
comparison with the high-speed device in each group. This
might be attributed to the better vision that provides
improved control of the ultrasonic device23 and the dif-
ference in rotation mode from ultrasonic and high-speed
devices.24 Moreover, the ultrasonic device would be safer
and cause less damage when there is a possibility of
approaching soft tissue and bone tissue.25,26 Therefore,
although the ultrasonic device requires more time for
dentine removal compared with the high-speed device,27,28
it could still be considered for use in cavity preparation
owing to the improvement in safety performance especially
in cases with deep caries. In conclusion, we expect that the
ultrasonic device can be applied to vital pulp therapy, such
as direct pulp capping, pulptotomy, or pulpectomy,
because it is a safe approach, in that it causes less damage
to the dental pulp tissue in comparison with the high-speed
air-driven bur.Acknowledgments
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